LA-UR -87-3584 L

L26 Aam=g harieg 323780, § DCETR'ed D, ‘te N .ary'y ' Can'dr-a 'or '~g _~'ed Swales Ooonr'—om_:_' Ererszy -~der “antac MOTATR Iy

LA-UR--87-3584

DE88 001796

nTLte ASSIGNING MASS VALUES TO IN-HOUSE STANDARD LUF_ CYLINDERS

6
-] N 9 g [1 ] ..*
LR
Q =
[7: ] ; 138 a 8 ils
RETScCERS R,
=20 E- =_ - ]
?2' =251 g 2o
AUTHORIS) A. Goldman, D. McGuire, and C. Croarkin g 2 § %: 2 3 s %_;é
3323lat iz
so kPiSdce
s3Tgiegcis
o 5 3 EE 2 VIE
§o38d-Rgft
i T
-%?Biﬁﬁa 2,
SUBMITTED TO American Nuclear Soclety gg_ ] Lsecs g §-
Third International Conference cn . ag;- ?‘E%?
Facility Operations-Safeguards Interface g ga 22 : 3
November 29-December 4, 1987 E B 5 & ¥ 2
Can Diego, California 4 R ErY: =
(FULL PAPER) 2% 51 5 & gi . ;
aéiii.gg
R
tih
SRR
REgEdZE, 7
- 2.; 5 EY X
LI
a?ggﬁggim
~ & or3gs
XS5 ﬁ-ﬂ R ¥ gﬂ
Ny accapia-ce sty o @ "8 LD §R0r "ACOGr 208 PRI IR 1) S FOverAmanrt relaing & NONEECIu v rayaily-'7e@ 'c@rg@ 10 pubiIN 07 reD NU 1.8
Bl I TN LT 17 BURE I L AR VLT ” 1 Atiow "arg 0 Jo 10 ‘or U S ‘jovernment Ourboses
T DR B ToilRY SEL P LI | [LAREE LEEUP DR 1 SLSRLY TRLLY BN TN L1 dently '1hg 47 rig as woin p@rinrmag ,"der 'ne AUBDICOI O TRE L 5 Depart et 4 ..

HANWIVDDSIA

Los Al National Laboratc
LOS AaMmOS e pareratiztooy

PR ‘J|I\|:'r1:l) IS T N OF 1oy 00rDIAENT 15 IR s


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


ASSIGNING WASS VALUERS TO IN-BOUSE STANDARD O¥y CYLINDERS

A. Goldman D. McGuire C. Croa~kin

Los Alamos National Laboratory Rockwell Intermational U.S. Department of Commerce

Group N-1. MS ES40 Rocky Flats Plant Statistical Engineering Di-.

Los Alamos, NM 87545 Golden, CO #0401 National Bureau of Standa: s

(505) 667-2402 (303) 366-952%2 Gaithersburg. MD 20899

(301) 975-2845
ASSTRACT these. a series of six replica mass standards
(RMSe) were fabricated to duplicate the geome-

A statiscical experimental design called try., displacesment, and approzimate mass of the
the Fast 4-)1 Seried is used to assign mass val- UFg cylinders in use by the nuclear industry.'
ues to in-house standard UFs cylinders. This
design is intended to minimize cthe aumber of Duplicate cylinders of each of three sizes

weighings of large cylinders yet Drovide accept-
able estimates of mass values and their preci-
sion.

I. INTRODUCT IO

The concept of relating a reference stan-

dard to another test 2bj)ect (known synonymously
48 check standard., working standard. secondary
standard., or in-house standards., [HS) has been
of concern in the nuclear industry. Specifl-
cally., » particular application is found in the
UFy industry.

Production ubjects in the UFg industry are
typically larqe steel cylinders (filled with
nuclear marerii' and having gross wmiqghts of
about 1% tons. We suspected that scale loading

procedures and
potential evror

air buoyancy correcticns were
sources during calibration with

were prepared--one fllled with stable materials
to a total weight approximately equal to the
gross (full) weiqght and one left empty ro ap-
proximate the empty (tare) weight of production
cylinders,

Table I liscts the RMSs and uncertaint.es
that were established in 1977 by the National
Bureau of Standards (NBS).

The RMSs serve ar reference standards for
the introduction of the SI unmit (international
system of units) for mass into the mass measure-
ment process at UFy shipping/receiving locations
nationvide. Each of these locations maintains
Llts own group of [HSe, which are also repiicas
of production cylinders.

This paper deals with estimating parameters
that are associated with the [HSs. Fxperimental

industry standard iroa weighcs.” To overcome designs are givenm for situations that invoi.e
TABLE 1
REPLICA MASS STANDARDS
ur o
. +otal Dllsi:Lomonr
.

RMS ‘ylinder __ _Massg Value =~ Uncertainty tm.

vedijqnation - Cemign _{(:b) 0 tkg)  (1b)  (kg) _ cfr )
IS 1 iempty: 108 AT RY AYYLI2Y 0 LY 0.099 29,173
HM5 2 (fuil) 108 % 158,999 4 AR 01 9, 11a 0.08) 27,40
RMS )} (empry) 48X 4 4n8). %009 2 04 7%0 9,118 0.086) 120,78
HMS 4 ¢ full) 48X 2% V12,124 L1 490.4 9 9. 188 0.089 121. R
RMS % (#mpty) ARy 5 R4 )0A NN a0 0.a1e 0.0m 1ha.ny
HMS A (fuil! AHY LP TR 14 '4h.1%4 ). 214 0 0w Ihd )



sCme ~ommon Teasurement processaes. These zo-
signs and tne procedures prosenred here are ap-
plicable to any set of objects for whach -he RMS
13 kpown and the [HS is to be determined. A
detailed gJeneral description is given by
Croarkin.?

[I. ASEUN'TICNS

The Fast 4-1 Series method is used to as-
sign mass values to the IHSs. Thias method. one
of many least-squares techniques that are ac-
ceptable for quantifying am [HS. has beep adopt-
ed trom NBS Test Report 213.09/G 43216/UcC-1.)
The Fast 4-1 Series defines a type of experimen-
tal design that consists of four weighings uf
known standards and (our additional weighings of
test objects.

The I[HSs for a particular [facillty have
mass values assigned o them according to a pro-
cedure having the following characteristice:

e The RMSe are the stsndards of mass measure-
ment used (for example, mass values assigned
by the NBS).

® The weighing device is operated in the com-
parative m>de by a "null” reading method.
Ia this method & parrticular output value of
the comparator is selected with one of the
weights of interest onm the deck or placform
of the weighing device. This value |1 repro-
duced for each observation by tha addition
or removal of small weights toc or from the
device.

¢ The value recorded for each observation ]
rhe sum of the small weights added tc the Je-
vice ro obtain a null valus.

To satisfy these character.sticu. we acsume
that weighing devices are available with the .s-
quired capacity and sensitivity., The magnituie
of rhe WS should be nearly equal to that of the
[HS. A preliminary mass value . should be ob-
tained by directiy weighing the I[HS.

We assume thar the "reproducihility’ of rhe
welqhing device (s determined before the Tfast
4-1 Series is run, where the standard deviation
1s obtained as a measure of reproducibility.
The suqgqesrted srepw se procedure for obrtaining
the measurements is as followe:

(a) Place a cylinder ([HS ~- RMS) on the

Havice,
(h) Fatahlish a null value by placing imaji
atandard wveiqhtsy n the levice unti.

1ts output (sading 1s near midrange,
t-) Record rhe yvam Hf these added welightrs,

(t) Remove *he ~ylinder f1om the device.

‘e, Repeat staps (a) rthrough (1) from 5 ro
LQ times keeping the t:me secween ;suc
cessive executions of step (Aa) as near-
iy equal as practical. Reproduce 'ne
null value as clogsely as possible.

(f) Compute the standard deviation of the
measurements. [f the standard devie-
tion is too large. he weighing instru-
ments and the prcces:z shonuld be thor-
oughly checked =sud corrected before
proceeding.

Sometimes the same value it obteined for
each measurement and the standard deviation is
0. Io this case of perfect reproducibilit,,
the sensitivity of the device may be obtained
by 3dding additional small weights until the
null changes. "Sengltivity” is defloed as the
magnitude of the welght required to change the
null. Sensitivity can be compared with the un-
certainty to be assigned the [HS. As a guide-
line, &n acceptable sensitivicy is less than
10N of the maximum acceptable uncertainty of
the IHS.

III. THR FAST 4-1 SERIES
The following sequence is & Fare 4¢-|

Serieus im which the fucility has one RMS and
two IHSe:

Cbsecvatliong Weight
0y Certified standard (RMS)
0, (IH8)) Weight to be calibrasted
0y (TH) 2 Welght to be calibrated
Og Certifled standard (RMS)
Ng Cércifled standard (RMS)
Og (IHS§); Weight ro be calibrated
7 (IK8), Weight to be calibrated
Oy Certifled standard (RMS)

Motivatlion for this and subsequent gcenar
ios is given by L. W. Doher, P. E. Ponrlus. and
J. R. Whatstone.® The nasasurement sequence and
model are deflned by

')l-Rbbbtl

) ~b ey v @

Jy = b o Ky v @y



07 =b + %) « @9 , and A leagt-squares solution is given by
Og = R+ b » eg : (01'0‘005008) Re

where xy den‘ .tes (IHS);, x; denotes (IHS),. R 5 2

denotes the “known" RMS, b denotes the bias of

the weighing device, and e is a random variable o_ - 20, + 0,)

. R®
distributed independently normal wich mean 0 and ) = 1 3 3 ! 8 3
variance o°.
A least-squares solution gives the follow- .(ol - zo] + o4 . OS - zo6 . oq) -
ing estimates of the parameters b, x,., x3, and Ay = - 7 ~ v
1
at:
‘ (OX.O“OS‘OB)_R and
* 4
3 l'.(Oi - 0,)
(0, - 20, « 0  « 0, - 20, +0y) 9, T ,
X » « R,
1 4
where R* « R) + Rj.
-(01-20]-0"05—206o08) o
L W 4 * The variances are given by
32 (b} » 0.25 a2, .
and
al (xq} 2 0.75 621 , and
r . 2] 2
2 (O.l - OL) g% {xz} = 0.75 a4,
SO ST T
The following design incorporates one RMS.
X twn I[HSs, a term for linear drift |in the
wherea Oy is the estimate of O; found by using weights, and a check standard. The check stca-
the least-squares estimates of the pacameters dard, denoted by C, could be an RMS or some
(for example, Oy = R + b). other welght. This work closely follows the ap-

prvoach used by Cameron and Hailes.3 We assume

The variances are given by thet the linear chaenge is caused by temperature
effects. These measurements would be ta:.en over
a9? (b} 0.15021 ’ a long period of time (for example, one easurc-
ment per week).
o2 (x;} « 0.7% o}, . and
The model is given by
ol {x;} 1 0.7% 0,
()l « R + b LB 74 ,
For two RMSs and two [HSs, the sequence and
design are defined by O ~xp ¢+ b+ ey -58
O « Ry ¢« b+ @) . 1),-lztbs|] 14
O3 b s 21 ¢+ @ g = C + b+ ey A
()]-bslon‘ ()S'L'b"S‘A
()‘ Rlobtﬂ‘ , ()ﬂ<llbbbﬂﬂrlﬂ
Oy R; - b v oag 7 ~m » b v oag . 54 and
Og <~ b v x; « &y g - R + b v ag v 18
Oy - b X ov ey , and wheia A repreagents the tempetature offact. an
unknown pataneter.
g - Rl e b "y

wheire R and R) ate known.



The estimates of rthe parameters are given
by

1 3 ] 8
lzx 2 « R ,
(-0, «+ 0 -0 ~o)
C =z 1 ] E] aoR
2
Lo, - 0.}
dz = 4 - and
1 3 !

—O‘-O -]06-507-705)

168 b} 5

4 - ‘l—(-701-502-30

The variances for model ) are

e? (b} 0.5053 .

@ {x;) - 0.5a%,,

a? (iz) N O.Sdz] ,

02 (C} = 0?5, and

a? {8) - 0231168

Over a "lonqg" perlod of time, other errors
may appear in the desig: model. For exzample a
rando error on the RMS would give

Qi » (R s+ 8§) v+ b e 78+ ¢y ,
where § is distributed with mean O and variance
062- ’hanges would be required in the estima-

rion of parameters and their varlances,

Matters and models such as thess are left
for further study.

EXAMPLF

Consider *he prAavious model and the follow
1Ny mMeARUrement -

0y = 25 325.907 Og = 25 131.901
07 = 25 326.663 Og = 25 315.427
03 = 25 329.579 07 = 25 336.512
O¢ = 25 332.165 Og = 25 140.242

R = 25 332.076

The estimated parameters (rl standard cdevi-
ation) are given as follows:

b = 0.9585 (£0.1285)

C a2 25 312.034 (x0.1817)

x; = 25 330.589 (20.1285)

@y% 2 0.0330

x; = 25 331.504 (=z0.1285)

4 = 1.005 (20.0172)
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ABSTRACT

A scacistical
the Fast 4-]1 Series

experimental desigu called
is used to assign mass val-
ues to in-huuse standard UFg cylinders. This
design is intended to mipimize the nusber of
weighings of larce cylinders yet provide accept-
able estimates of mass values and their preci-
sioa.

I. INTRODUCT ION

The coacept of relating a reference stan-
dard to asothev tert object (known synonymously
as check standard., working standard. sJcondary
standard, or in-house etandards. IHS) has been
of conce:n in the nuclear lindustry. Specifi-
cally, a particular application ls found in the
UFg ladustry,

Production objects ln the UFg industry are
typically large steel cylinders (filled with
nuclear material and having gross weights of
about 13 tone. e suapected that scale loading
procedures and air buoyaacy corrections vere
potential error sources during callbration with
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these. a series of e¢ix replica mass standards
(RMSe) were fabricated to duplicate cthe geome-
try. displacesent, and approximate mass of the
UPg cylindera in use by the nuclear induetry.}

Dup.icste cylinders of each of three fsizes
wure prepared--one fllled with stable materials
to a4 to~al weight approxzimacely equal to the
gross (fu’l) weight and oune left empty to ap-
proximate the empty (tare) waight of production
cylindors.

Table [ lists the RMSe and uncertainties
that were established in 1977 by the National
Bureau of Standards 'WBS).

The R™MSs serve as reference astandards for
the intruduction of the 1I unit (internaticanal
syestem of units) for mass into che mass measure-
ment process at UFs thipplong/recelving locations
nationwidae. CLach o! these lscations maintains
its owvn qroup of [Hfs, wvhich are also replicas
ot production cylindors.

This paper devls with egtimating parameters
that sre associated with the [HSs. Experimental

industry standard liron welghts.” To overcome desiqgLs are given for situations that involve
TABLE 1
REPLICA MASS STANDARDS

ur "t

s Total 0“81:2;"‘ ©
AMS Cylinder Mags Value Uncertainty ? 1 ¢

Dasignation Jesign  (ib)_ (g} Ub) (kq) (£t
RMS -1 (empty) 108 1 196.4)8 A¥Y. 44y 0.110 0.09%9 29.79
AMS -2 (full} Jon 6 159,999 1 A8Y.0)) 0.138 0.081) 19.89
RMS ) (empty) aAX 4 481,409 2 J24.7%0 V.138 0.06) 120.1%
RMS -4 (full) 48X 1% 112,124 11 490.4%9 ~. 188 0O.0AS L21.m
RMS 3 (empry) a0Y 5 104,916 2.)97.202 0.1)8 0.08) 154.07
RMS A (full) a8y Y& 507 %020 14 4%, 1%4 0.214 0,097 194,07



